The nuclear magnetic resonance relaxation times of solvent water nuclei are known to decrease upon addition of diamagnetic solute protein. For this reason NMR relaxation methods are able to provide information on molecular dynamics changes of water protons and their interaction with macromolecules' surfaces. We present results of measurements of relaxation rates R1 = 1/T1, R2 = 1/T2 and R1ρ = 1/T1ρ in the rotating frame for three proteins: chicken egg white lysozyme, egg white albumin, and bovine serum albumin, obtained at proton resonant frequency of 60 MHz. Besides the relaxation rates dependences on concentration in the 423% (g/100 g solution) range, the analysis of the CarrPurcellMeiboomGill CPMG multi-echo T2 experiments with variable pulse rate τ was performed. The dependences of relaxation rates on protein concentration are linear at low concentration. When protein concentration increases the slope of the straight line rapidly changes at so-called critical concentration which depends on MW of the diluted protein. Investigated dispersion of T2, obtained using the CPMG method with a variable pulse rate, for concentrations higher and lower than the critical one, exhibits unequal behavior.
Introduction
NMR relaxation methods exploit the common T 1 and T 2 relaxation times measurements and their dependences on concentration, as well as new dispersion methods which have been lately introduced. There are two dispersion methods which are currently often used: measurements of relaxation time in rotating frame T 1ρ dependence on magnetic eld B 1 [1] and the CarrPurcell MeiboomGill (CPMG) T 2 dependence on pulse frequency (or time delay τ between π pulses in CPMG sequence) [2] . These methods are useful tools for studying conformation changes and molecular dynamics over a wide time scale extending from picoseconds to seconds.
Molecular dynamics aects the rate and pathway of protein folding as well as misfolding and aggregation can inhibit some proteins from performing multiple district function and are important for the evolution of novel function. Admittedly NMR methods do not always oer certain and direct insight into protein structure, but they oer a non-perturbing look into the nature of solution, a wide range of application and a substantial theoretical basis [3] .
In what follows we present rst of all the CPMG relaxation dispersion for studies of millisecond time dynamics in aqueous solutions of egg white lysozyme, egg white albumin (EWA), and bovine serum albumin * corresponding author; e-mail: dw7@onet.eu (BSA) . Investigated substances are a few of many proteins which are important in several biochemical and biophysical processes and are well examined using various physico-chemical methods, but many questions concerning molecular dynamics remain unsolved [4, 5] . 
Materials and methods

Dry
All samples were measured with Minispec Bruker spectrometer working at a resonant proton frequency of 60 MHz. T 1 was measured using the inversion recovery (IR) sequence. The standard spin-locking pulse sequence (π/2-τ -spin-lock-FID) was used to measure T 1ρ [1] .
Typical CPMG spin-echo pulse phase cycling with various pulse rate τ was used to measure T 2 dependence on τ (Fig. 1 ) where π/2 pulses were 2.16 ± 0.02 µs and π pulses were 4.28 ± 0.02 µs long. Obtained signals were accumulated 440 times depending on sample S/N ratio.
Repetition time was always longer than 5T 1 .
Our CPMG dispersion measurements data are presented as T 2 (τ ) function.
Results and discussion
The results of measurements are presented in Table. The relaxation rates R 1 , R 2 , and R 1ρ dependences on concentration for EWA solutions are plotted in Fig. 2ac .
An example of T 1 dependence on concentration for
BSA is presented in Fig. 3 . Critical concentrations for lysozyme, EWA, and BSA were found by means of the concentration dependences plot analysis. These dependences can be well tted linearly at low concentration (< 10%), according to known relation [6] : the crossing of both lines determined the critical concentration: (17 ± 2)% for lysozyme, (12 ± 2)% for EWA and (7 ± 2)% for BSA. The values of critical concentration depends on protein molecular weight, molecules' shape and also on intermolecular forces between water and protein molecules' surface and therefore are dierent [7] . If one assumes that protein molecule shape is almost spherical and density of, for example EWA and BSA, solutions are nearly the same at all concentrations, then the ratio of their critical concentrations (1.73±0.6) should be equal to third root of the ratio of their molecular weights: (66382/44287) 1/3 = 1.14 [5] . Because of many factors not considered here, like asymmetry of protein molecules, and non-uniform hydration, protein aggregation and other experimental errors and etc., it seems that the agreement is satisfactory. Table) . Exponential curves were tted according to when rate of free water increases, the two-component T 2 dispersion came to sight. Within limits of experimental errors the rst parameter a of two-exponential curves remain constant (for lysozyme a = 0.88 ± 0.10 or EWA a = 0.80 ± 0.14, and for BSA a = 0.65 ± 0.12) and its value is very close to value of the one-exponential curve parameter for pure water (a = 0.9 ± 0.1). It means that this parameter can be related to the presence of free water fraction.
Conclusion
Performed investigations have shown the new opportunity of application of CPMG dispersion method for observation of protein hydration nature in solution. Subsequent measurements are being carried out and the results should be reported in the near future.
